Introduction
The diffusion of a mutually soluble component which lowers the interfacial tension between two insoluble liquids (Phases 1 and 2) has been shown (1) to (a) promote and (b) hinder gravity coalescence of drops of Phase 1 suspended in Phase 2 when it diffuses (a) out of and (b) into the drop. The effect is due to (a) an increase and (b) a decrease of the normal rate of thinning of the intervening Phase 2 film, presumably as a result of the Marangoni effect whereby interfacial flow is established by gradients in interfacial tension caused in turn by concentration changes of the diffusing component around the surface of the drop.
It was considered to be of interest to establish whether or not similar diffusion effects would occur in the coalescence of liquid drops brought into collision by shear flow under conditions of both low and high drop deformation.
The system of shear flow considered is u = Gy; v, w = 0, where u, v, and w are the velocity components of the undisturbed fluid along the X-, Y-and Z-axis (Fig. 1 ). It has (Received January 22, 1964) been established that a ,,standard" collision doublet (2, 3) of neutral rigid spheres of equal size brought into collision at an initial orientation of the line of centers ( -q}o, 00) separates at (~b o, 0o) and during the doublet life rotates as a rigid prolate spheroid of axis ratio 2. The doublet axis describes the spherical elliptical orbit (2, 4): A single fluid drop in shear flow deforms into a prolate spheroid. The deformation is defined as where L and B are respectively, the length and breadth of the ellipsoid, and for a small deformation is given by (5)
Rumscheidt and Mason (6) found that Eq. [5] held for values of D as high as 0.5 in many systems when impurities were rigorously excluded, and showed that 7 could be determined from measurements of D.
Collision doublets of spherical equal-sized drops at low velocity gradients when deformation of the isolated drops is negligible (D < 0.02) follow Eq.
[3] approximately (2,7). If they do not coalesce the drops of the doublet separate unsymmetrically at an angle ~b' 0 < -~b 0 as a result of deformation in the region of closest approach (7). Various experiments (2,3,7,8) and one approximate theoretical analysis (9) have led to the conclusion that, during collision, the two spheres are not in true physical contact (except, of course, when coalescence of fluid spheres occurs) although they are in close proximity especially at the mid-point (~b = 0) of the collision.
Allan and Mason(7) studied the coalescence of fluid drops in equatorial collision (00 = 90 ~ in (electric + shear) fields and found for a fixed set of conditions that the angle r at which coalescence occurred showed a distribution of values about the algebraic mean value ~c similar to the distribution of ~ about u in gravity coalescence (10) and that ~c tended to decrease from positive to negative values as the electric field strength E 0 increased. This paper describes a series of experiments using similar techniques to study drop coalescence with a third surface tension lowering component diffusing across the interface.
Experimental Part
The experiments were conducted in the Couette apparatus (2,7) designed for viewing along the Z-axis through a stereomicroscope using transmitted light and heat filters. It consisted of two vertical coaxial cylinders which rotate in opposite directions so as to create a stationary layer in the annulus containing the suspending liquid. By adjusting the speed of either cylinder the stationary layer could be made to coincide with the center of a suspended particle thus reducing its translational velocity to zero and making it possible to observe the particle over long periods at accurately known rates of shear.
The drop pairs were produced using the drop release device previously employed by Allan and Mason (7) and represented schematically in fig. 1 . In the present experiments the two drops were released from a single micro-burette (Emil Greiner and Co., New York) positioned in the annulus as follows. A droplet of predetermined volume was formed on the needle tip, removed by applying a suitably high gradient and carried about 3 cm. along the X-axis. The needle tip was then moved a predetermined distance along the Y-axis by means of a micrometer adjustment and a second drop was then formed and removed as before. The drop pair was brought into the microscope field and the gradient adjusted so that the stationary layer (y ~ 0) was midway between the two drops, which then approached each other at approximately equal velocities. When the drops were several diameters apart the gradient was reduced (to 0.08 see -1) to give negligible deformation (3, 6). The interval between drop release and collision was about one minute and could be controlled to • 10 seconds. Drops of diameter 850 • 25 microns, measured by a calibrated grid in the 
